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Abstract. The Green’s functions of layered structures are used for analysis of measurement errors of transmitting losses 
through solid and sandwich-type dielectric structure. Influence of the spherical waves excited by radiators in the near 
zone is under investigation. As the simplest antenna, the Huygens element was used for calculations. The model of 
equivalent electric circuits was used for layered structure modelling. The transmitting losses of electromagnetic waves 
versus frequency for different dielectric sheets are shown. Influence of the distance between antennas on the transmitting 
losses measurements is analyzed. It is proposed to use the suggested method to analyze the accuracy of the transmission 
coefficients measurements if the horn antennas are used. 
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INTRODUCTION 
Solid monolithic and sandwich-type dielectric sheets are often used as the antenna radomes, frequency-selective 
surfaces, non-reflecting coves, and so on [1], [2]. Analytical methods and proper software such as the CST 
Microwave Studio, WIPL-D, HFSS, and FEKO based on numerical methods are applied to electromagnetic 
modelling the electromagnetic waves propagation through these structures [3] — [7]. In addition to the calculation 
methods, various methods of experimental determination of transmission and reflection coefficients are widely used 
in the antenna radome design [4], [5]. One of these methods is the method of measuring the transmission coefficient 
of the dielectric sheet by means of two antennas (Fig. 1). There are a few rules to measure the characteristics of the 
antenna shelters. When carrying out measurements, the condition of the far zone for the used antennas and material 
sample must be followed. The incident wave is needed to be flat near the dielectric slab. Sometimes, this condition 
is difficult to fulfill. In this paper, we consider the incidence of a spherical wave on the radome material sample 




Fig. 1. Geometrical representation of the problem for the equivalent aperture method. 
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The Green’s function method is used for calculation of the electromagnetic wave propagation through solid and 
layered flat dielectric structures. Due to the accuracy and efficiency, the method is widely applied to solving the 
scattering and radiation problems [8], [9]. The suggested method may be applied both for the antenna radome design 
and for correcting measurements of the transmission and reflection coefficients. Electromagnetic reflection of the 
composite coatings can also be measured [10]. 
ELECTRIC FIELD CALCULATION 
Application of the Green's functions to analysis of the plane layered structures is described in [11]. The idea of 
calculating the reflection and transmission is the following. The incident wave at the interface with the layered 
structure excites equivalent surface electric and magnetic currents. Radiation of these currents through the dielectric 
in the second medium is treated as the passage of electromagnetic waves. The transmission coefficient is calculated 
by comparing the amplitude of the incident and transmitting waves. Radiation of the equivalent currents in the first 
medium is treated as a reflection of the electromagnetic waves. The reflection coefficient is calculated. This model is 
suitable for infinitely far sources. As the Green’s function takes into account the whole non-homogeneous structure 
under consideration, it is possible to calculate the transmission coefficient in the near zone, and then recalculate it in 
the case of a plane wave. 
In this paper, the Huygens element is used as an electromagnetic source. The electrodynamic model of the 




Fig. 2. The Huygens element with the electric (red) and magnetic (blue) dipoles radiates electromagnetic waves; 
the electric field component is calculated. 
 
We believe that the electric dipole is oriented along the x-axis and magnetic dipole is oriented along the y-axis, 
and both are located at the point 1z' = z . The electrical field at the point of view 2sz = z z  is calculated as 
follows: 
11 12( ) ( , ) ( )+ ( , ) ( )
S'
ds'        E r r r J r r r M r ,    (1) 
where for the Huygens element located at the source point  , 1, ,i i ix y z z   the electric dipole current is 
   0 0 1( )= ix I y y z z   J r
   , the magnetic dipole current is    0 0 0 1( )= ;iy I Z x x z z   M r
    11( , ) r r  and 
12 ( , ) r r are the proper Green’s functions. Usually, the Huygens element is used for the aperture antennas modeling, 
such as the horn antennas.   
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The transmitted field in the case under consideration has only xE  component, so, only one component of the 
Green tensor for each dipole is used  
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where the characteristic part of the Green’s function associated with inhomogeneous medium along the z-axis is the 
following [9]: 
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for the electric equivalent line associated with the electrical waves and 
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are the 
modal currents and voltages in the equivalent electric and magnetic lines as in [9];      1 1 1E E EY z Y z Y z 
  
, 
     1 1 1M M MY z Y z Y z 
  
 are the directional input admittances in the equivalent electric circuits, respectively. 
Since the source and the point of view are in different regions, the transmission coefficients ,E MiT of the i-th layer in 
the electric and magnetic equivalent circuits were added.  
After performing the necessary transformations, we obtain for electric dipole the following expression: 
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where 2 20 1k      , L  is the dipole length.  
After transition of the complex plane from the Cartesian coordinate system to the cylindrical one, expression (6) is 
reduced to the following form: 
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where 20 1k   . 
Expression (7) allows one to calculate the transmitting field passing through the layered dielectric structure with 
any number of layers.  
For simplicity, let consider a homogeneous dielectric sheet with the thickness of 1d . The electric field component 
xE  is defined as follows: 
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for the electric field excited by the electric dipole and 
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for the electric field excited by the magnetic dipole. 
The electrical field component ixE  at the point of view  , ,x y z  excited by the Huygens element located at the 
source point  , ,i i ix y z  is calculated using (7) and (8) as follows:  
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where L is the selected portion of the wave front, 0E  is the electric field strength at the point of the selected wave 
front. 
For example, if the horn antenna is used for measurements as a radiator, we need take into account the amplitude 
and phase field distribution over the aperture. Thus, we have to sum the contribution of each of the elements of the 
aperture partition with coordinates  , ,i i ix y z  at the observation point (10). 
In (7) – (10), the normalized the input admittances in the equivalent electric and magnetic lines are 
  1 1 0 1 1 1 0 111
1 1 1 0 1 1 1 0 1
cos sin1
cos sin
E k d j k dY z




    
     
    
      
, 
  1 0 1 1 1 0 11 1
1 1 0 1 1 0 1
cos sin
cos sin
M k d j k dY z




      
   
   
 
   
. 
The transmission coefficients of one layer are 
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where 
21   ,  21 1    . 
For correct antenna measurements, it is important to define the far zone. The same kind of problems is needed to 
be taken into account for the frequency properties analysis of the sandwich-type or homogeneous dielectric sheets.  
The transmitting losses of the dielectric sheet were calculated for different distance between the antennas and for 
various the dielectric constant of the sheet. The short distance was equal to 1 m (dash lines in Fig. 3). The long 
distance was equal to 40 m (solid lines in Fig. 3). The frequency was varied from 0.6 GHz to 6 GHz.  
The electric field amplitude of the transmitted waves through the dielectric sheet was compared with the case of 
the free space  
   with the sheet without the sheetLoss E E . 
For the free space modelling the dielectric sheet with dielectric constant 1 1   was used. If there was no the 
dielectric sheet, the transmitting losses were equal to zero. Obviously, with increase in the permittivity of the sheet 
material, the oscillation of the dependences in Fig. 3 increases. At some frequencies, there is an effect of the signal 
amplification at the observation point at small distances between the antennas. On the charts, this is manifested as a 
shift in the values of the losses value into the negative region. At the same time, the value of losses in the areas of 
high reflection level decreases. This should be taken into account when measuring the transmission coefficient at 
small distances between the antennas of the order of several wavelengths in the case of the elementary radiators. 
The transmission losses caused by the dielectric sheet are varied at small distance between antennas (Fig. 4). 
Small fluctuations are observed due to diffraction of the spherical incident wave from the small electric dipole at the 
distance about 2–3 wavelength. The transmission losses increase with the dielectric constant increasing. If the sheet 
thickness is about a half of the wavelength in the slab material, the transmission losses become less such as for 
1 18   in Fig. 4. 
The suggested method allows calculating the field passing through the structure with an arbitrary number of 
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Frequency, GHz 
Fig. 3. The transmitting losses of electromagnetic waves versus frequency for different dielectric sheets  with 
the equal thickness ( 1 20d  mm): 1 3   (brown line), 1 6   (blue line), and 1 9   (red line); the distance 
between antennas is equal to 1 m (dash lines) and 40 m (solid lines). 
It is not difficult to take into account the amplitude distribution of the incident field, that is, to take into account 
the radiation pattern of the antenna. The proposed approach makes it possible to take into account the polarization 
properties of the antennas involved in the measurements. The obtained analytical expressions for calculation of the 
field strength confirmed that the location of the measured sample between the antennas does not matter much. The 
total distance between the antennas affects. With its increase, the accuracy of the measurements increases. 
 
                                    Losses 
 
(z1+z2)/λ 
Fig. 4. The transmitting losses of electromagnetic waves versus electrical distance between antennas 
( 1 0.1d  ): 1 2   (blue line), 1 6   (brown line), 1 12   (green line), and 1 18   (purple line).  
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CONCLUSION 
The approach is proposed to estimating the accuracy of the planned measurements of the transmission coefficient 
through the plane homogeneous and layered dielectrics. The approach is based on application of the Green’s functions 
of a stratified media. It is shown how the value of the field strength at the observation point changes due to the closing 
of the measuring antennas to the sample of the sheet dielectric. The sphericity of the wave front in the near zone 
distorts the measurement result. It is shown that location of the dielectric sheet between the antennas can be varied 
widely. The main affecting value is the distance between the antennas. Correct measurement of the characteristics of 
layered dielectrics increases the efficiency of their application as antenna shelters and increases the accuracy of design 
in specialized software. 
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